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Previewscohort of South African HIV-1-infected
patients (the Sinikithemba cohort, which
comprises antiretroviral naive, HIV-1
subtype C chronically infected adults,
followed from 2003 to 2008), Demeule-
meester et al. (2014) discovered that
patients infected with HIV-1 viruses car-
rying two globally retargeting IN variants
(INS119G and INR231G) displayed faster dis-
ease progression in longitudinal follow-up
data. This is an interesting result, since for
the first time it uncovers a link between
proviral integration site selection and
disease progression. Nonetheless, this
remains only a correlative finding at
the moment and awaits a molecular ex-
planation. Unfortunately, the viral fitness
and transduction efficiency of detected
variants were comparable to those of
the wild-type virus, as were the tran-
scriptional and cell death levels when
examined in cell culture conditions. These
negative findings, however, do not ex-
clude the possibility that subtle changes
in the variant virus properties exist, which
might become relevant during chronicinfection in patients. The identification
of the actual integration sites in some of
the surviving patients of the Sinikithemba
cohort infected with HIV-1 carrying these
variant INs will provide support for this
possibility.
In conclusion, the work by the team of
Gijsbers and Debyser is an important
contribution to our understanding of the
evolutionary complexity of lentiviral IN
polymorphisms and its impact on the
integration process. As such, it adds
another layer of complexity to the already
complex interplay between viral protein
variations and their interaction with host
cell factors, in this case host chromatin
itself. Specific to the HIV field, the finding
that subtle changes in the IN protein
can retarget the intasome into different
chromatin domains opens a series of
interesting questions, ranging from the
identification of the actual molecular
mechanisms involved in this process to
the understanding of whether the overall
topology of HIV-1 integration is modified
in the cell nucleus. A most intriguingCell Host & Microbe 16, Npossibility to explore will be whether a
connection exists between variants with
specific retargeting properties and the
establishment of latent viral reservoirs,
which, at the moment, represent a true
obstacle to viral eradication.REFERENCES
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How much population diversity is transmitted during influenza virus infection? In this issue of Cell Host &
Microbe, Varble et al. (2014) report a method of tagging influenza viruses with a unique genetic ‘‘barcode’’
that allows them to be traced through transmission and growth chains, providing a leap forward for the field.Influenza researchers are learning about
the virologic factors that control virus
transmission. Some of the most recent
of these studies have shown that as few
as five mutations within this RNA virus
can impart respiratory-droplet transmissi-
bility to avian H5N1 influenza viruses
(Herfst et al., 2012; Imai et al., 2012).
Others have taken these data and
modeled the likelihood of such a virus
emerging in an infected host (Russell
et al., 2012). However, a key questionremains: if generated, how likely is such
a virus to transmit if comprising only a
small percentage of the viral population
within the infected host?
An important parameter of that ques-
tion seems rather simple, but we know
surprisingly little about it—how much of
the viral diversity within an infected host
is transmitted? Despite the recent ad-
vances in and widespread implementa-
tion of next-generation sequencing, we
still don’t know the answer. Although wecan follow mutations through limited
transmission chains, our understanding
of what is transmitted and how various
bottlenecks influence this process is
poor. In this issue of Cell Host & Microbe,
Varble and colleagues provide us with a
simple, but elegant, tool with which to
start getting some answers.
The basic strategy of these authors was
to introduce a range of genetic tags into a
model influenza A virus population, in this
case, one from the 2009 pandemic. Thisovember 12, 2014 ª2014 Elsevier Inc. 559
Figure 1. Schematic Representation of Library Design and Screening
To create the barcoded influenza virus library, unique 22-nucleotide sequenceswere amplified from the end of a shRNA library along with a conserved 100-nucle-
otide flanking sequence. This ‘‘cassette’’ was then introduced into an engineered viral NS gene segment where the NS1 andNEP protein reading frames had been
separated. Stocks of infectious viruses were then created by using reverse genetics. The result was a pool of viruses differing only in the 22-nucleotide sequence.
Detection of this unique signature by deep sequencing allowed for the tracing of viral population diversity under various conditions such as infection and trans-
mission in ferrets (as shown).
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Previewsposed some challenges as the eight
genome RNA segments of influenza virus
are all required for virion production, and
there is little room for genetic manipu-
lation. Accordingly, past efforts to add
genetic elements to influenza A viruses
have resulted, in many cases, in those
actions attenuating the virus (for example,
Pan et al., 2013). However, Varble et al.
used a clever trick and created an engi-
neered segment 8 (that contains the
viral nonstructural and nuclear export pro-
teins). By separating the two overlapping
reading frames in this segment, they
created an untranslated region that can
accept a genetic tag. In a rather heroic
effort, they created more than 100 vi-
ruses, each nearly identical to the others,
except they all had a uniqueGC-matched,
22-nucleotide barcode. Although not
universal, inserting the barcodes did not
appear to affect viral fitness to measur-
able degrees. By creating an infectious
virus pool containing each of the 100-
odd barcoded viruses, the authors now
had the means to follow discrete popu-
lations of viruses through transmission
and growth chains. By using next-genera-
tion sequencing of the barcoded area and
by inferring the number of virus clones560 Cell Host & Microbe 16, November 12, 20present before and after replication and/
or transmission, the authors were able
to accurately measure the factors under-
pinning these events (Figure 1).
With this tool in hand, Varble and col-
leagues examined the dynamics of the
viral population under four conditions: (1)
growth in cells, (2) growth in embryonated
eggs, (3) direct-contact transmission in
guinea pigs and ferrets, and (4) respira-
tory-droplet transmission in ferrets. The
authors notedminimal impact on the virus
population after propagation in Madin-
Darby canine kidney (MDCK) cells, which
are the ‘‘workhorse’’ system used by influ-
enza researchers. MDCK cells are gene-
rally thought to provide little selective
pressure onmammalian influenza viruses,
and the authors’ results confirmed this.
Similarly, A549 cells (epithelial cells of
human origin) provided little discernible
selection pressure, which is consistent
with the mammalian-adapted nature of
the infecting virus. Although the general
trends were as described, a closer look
at the data revealed that some clones
were preferentially amplified in indepen-
dent replicates. Although the authors sug-
gest that this was caused by modest
overrepresentation in the original virus14 ª2014 Elsevier Inc.library, and for some that is the case,
another possible explanation is that
some of the barcodes increased viral
fitness. Indeed, some of the clones that
appeared more than once after passage
in cells or animals did not appear particu-
larly overrepresented in the starting pool.
Further use of this approach will guide
optimization of the barcodes and will
only lead to improvements in what is
already a powerful tool. Unlike the repli-
cation of the virus pool in the mammalian
cell systems, embryonated eggs selected
a subset of virus clones. In three repli-
cates, 5–15 clones were preferentially
identified after propagation with no over-
lap in the clones selected. The overre-
presented clones had substitutions in
hemagglutinin, the glycoprotein respon-
sible for binding to host cell receptors
during entry. These mutations were asso-
ciated with a preference for viral entry
receptors abundant in eggs. Therefore,
the viruses that made this substitution
quickly became dominant and outgrew
the others.
With what were essentially proof-of-
concept studies under their belt, the in-
vestigators then described in detail the
impact of transmission on the viral
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Previewspopulation. Using guinea pigs and fer-
rets, the authors identified a number
of genetic bottlenecks. Although there
did not appear to be strong selection
for particular viral clones in the inocu-
lated animals, direct-contact animals
showed evidence of strong bottlenecks.
From the 71–100 clones detected in
inoculated animals, only 5–24 were de-
tected in direct-contact-infected animals
(guinea pig or ferret). Of note, multiple
animals were housed with a single in-
fected animal, and each direct-contact
animal shed a different pool of viral
clones. The authors interpreted this
result as an indication that selection oc-
curs at the level of the recipient animal,
but they also acknowledged that selec-
tion could occur at the level of shedding
from the infected animal (i.e., each
secretion could contain a different sub-
set of viruses). Even more pronounced
was the finding that ferrets infected via
respiratory-droplet contact shed a more
limited array of viruses, with as few as
two clones appearing to be enough to
initiate an infection. Using a modeling
approach, the authors concluded that
the most parsimonious explanation of
their data is that the only factor contrib-uting to transmission of a clone is its
initial proportion in the virus pool. Simi-
larly, they noted that the transmitted
virus population best correlated with
the virus population in the upper respira-
tory tract of donor animals.
As discussed by the authors, an imme-
diate implication of these results is that
a rare event in the viral population within
an infected animal (e.g., acquisition of
mutations enabling airborne transmission
of an avian influenza virus) is unlikely to
be transmitted. The probability of trans-
mission increases proportionally as the
variant grows to become a greater portion
of the viral population. Similarly, areas
in which direct-contact transmission is
possible pose greater risk than those in
which transmission can occur only by
aerosolized particles as more viral diver-
sity is transmitted.
The greatest contribution of this paper
to the influenza field is the provision
of the tool. The authors have done a
wonderful job of developing the technol-
ogy and providing strong support for
its tractability. Numerous key and funda-
mental questions now beg to be ad-
dressed. Would an avian-adapted virus
have limited diversity upon replication inCell Host & Microbe 16, Nmammalian cell lines? Upon transmis-
sion, does the limited diversity seen in
ferrets and guinea pigs hold true for avian
hosts? What diversity is transmitted in the
setting in which the density of animals is
high (e.g., in a live poultry market)? The
answers to these questions will greatly
enhance our understanding of host range
and intra- and interspecies transmission
of influenza viruses.REFERENCES
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